Clostridium difficile is responsible for 10 to 25% of antibioticassociated diarrhea (AAD) and for virtually all cases of pseudomembranous colitis (PMC) (4, 24) . C. difficile is the most common cause of nosocomial diarrhea. Toxigenic strains usually produce two toxins, A (enterotoxin) and B (cytotoxin), which are involved in the pathogenicity of this organism (25, 35) . These toxins are encoded by two separate genes, tcdA and tcdB, which with three additional genes (tcdC, tcdD, and tcdE) form a locus of pathogenicity of 19.6 kb (8, 11) .
Recently, toxin A variant strains have been reported which fail to produce detectable toxin A by enzyme immunoassay (EIA) yet produce toxin B (1, 7, 9, 19, 20, 22, 23, 32) . Two types of toxin A-negative strains are well characterized: strain 1470 (reference strain of serogroup F from the classification of Delmée et al. [14] ) and strain 8864, described by Borriello et al. and Lyerly et al. (7, 23) . Both are truncated in the repetitive 3Ј-end domain, with 8864 having a 6.0-kb deletion (33) and strains from serotype F having a 1.7-kb deletion (29) . This domain encodes the carboxy repetitive oligopeptide region that contains both the binding site to cell receptor (21) and the epitope recognized by the monoclonal antibody PGC-4 used in most of the EIAs (17) . The clinical significance of these toxin A-negative strains still remains unclear. In the hamster model of C. difficile disease, strain 8864 was pathogenic (7) but strains from serotype F (including strain 1470) were reported to be nonpathogenic and have been mainly isolated from asymptomatic children (12) . However, several authors have recently reported cases of PMC or diarrhea associated with toxin A-negative strains (1, 20, 22, 32) . Prevalence of these variants seems to vary from one country to another. A recent Japanese study reported a prevalence of toxin-A negative strains of 12% in asymptomatic adults (20) , whereas these strains accounted for only 3% of the total number of hospital strains sent for typing to the Anaerobe Reference Unit in Cardiff, Wales (9) . Beside toxin A-negative strains, other tcdA variant types have been described by Rupnik et al. (29, 30) . These variant types are characterized by mutations or deletions in the tcdA gene and have been assigned to 10 different toxinotypes (I to X). All these toxinotypes except toxinotype VIII (including strains from serotype F) and toxinotype X (including strain 8864) react in a toxin A-specific EIA.
The aims of this retrospective study were to determine the prevalence in France of toxin A variant strains that exhibit genetic deletion in the 3Ј repeating sequences of tcdA gene in patients with C. difficile-associated diarrhea and to determine whether toxin A of these variant strains can be detected by EIA.
(This work has previously been presented in part [F. Barbut 
MATERIALS AND METHODS
Strains and patients. Three hundred sixty-four C. difficile strains were studied: 321 were isolated from 291 adults (136 in 1998 and 155 in 1999) presenting with AAD or antibiotic-associated colitis, and 43 were isolated from 43 children with diarrhea. Strains from adults were recovered from patients hospitalized in 25 different care facilities in Paris, France, or its surroundings. Strains from children came from the same hospital in Paris. All these strains were positive by the cytotoxicity assay.
In all experiments, C. difficile 8864 (Swedish Type Culture Collection no. 20309), ATCC 43596 (serogroup C), and ATCC 43598 (serotype F) served as reference strains.
Strains were isolated from stools on a selective medium (TCCA [brain heart infusion agar supplemented with 5% defibrinated horse blood, 0.1% sodium taurocholate, cefoxitin at 10 g ml Ϫ1 , and cycloserine at 250 g ml Ϫ1 ]) that was incubated in an anaerobic atmosphere for 48 h. The colonies were identified by their enzymatic profile on a Rapid 32A gallery (bioMérieux, Marcy l'Etoile, France). PCR with primers PG48 and PG49 derived from a C. difficile 16S rRNA gene was used to confirm identification, as previously described (18) .
Toxin assays. C. difficile strains were cultured anaerobically in brain heart infusion broth for 5 to 7 days. Toxin B was detected by the cytotoxicity assay using human embryonic fibroblast (MRC-5) cell culture as previously described (2) . The specificity of the cytopathic effect of toxin B was confirmed by its seroneutralization by an anti-Clostridium sordellii serum (prepared by M. R. Popoff at the Unité des Toxines, Institut Pasteur, Paris, France).
Detection of toxin A was performed using the Triage C. difficile panel (Biosite Diagnostic, San Diego, Calif.) (3) . This test is a rapid EIA using a membrane onto which anti-toxin A antibodies are fixed. Briefly, broths were centrifuged for 5 min at 1,500 ϫ g, and the supernatant was tested as a stool specimen according to the manufacturer's recommendations. A blue band appearing at the level of the toxin A zone was considered to be a positive result.
PCR assays. Primer sequences used to amplify regions of the toxin genes are shown in Table 1 , and their locations on the pathogenicity locus are represented in Fig. 1 .
Strains were screened for variations in the 1.2-kb fragment spanning the 3Ј repetitive domain of tcdA gene using PCR assay with NK9 and NK11 primers (20) . DNA was extracted from three large C. difficile colonies by use of a Chelex resin-based commercial kit (InstaGene Matrix; Bio-Rad, Ivry, France) as recommended by the manufacturer. The PCR mix (total reaction volume, 100 l) consisted of 1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris-HCl (pH 8.8), 200 M deoxynucleoside triphosphate, 65 ng of each primer, 2.5 U of Taq polymerase (Pharmacia Biotech, Orsay, France), and 10 l of DNA extract. PCR amplification was performed with 40 cycles, consisting of denaturation at 95°C for 15 s, annealing at 62°C for 120 s, and extension at 72°C for 40 s. Amplified products were fractionated by electrophoresis through 1.5% standard agarose (Eurobio, Les Ulis, France).
In the case of the amplified fragment of unexpected size obtained by PCR with primers NK9-NK11, the entire tcdA gene was amplified using three different overlapping PCRs (A1, A2, and A3) as described by Rupnik et al. (29, 30) . PCRs A1, A2, and A3 were performed in a total volume of 50 l containing 300 ng of DNA, 15 pmol of each paired primer, a 200 M concentration of each deoxynucleoside triphosphate, and 2.5 U of Taq polymerase. Two-step PCR programs were as follows: initial denaturation at 93°C for 3 min and annealing and extension for 8 min at 56°C (fragments A1 and A2) or at 47°C (fragment A3), followed by a denaturation at 93°C for 4 s. Amplified fragments were visualized on 1.5% agarose.
The 3Ј nonrepetitive portion of the toxin B gene was detected by PCR using primers NK104 and NK105 (270-bp fragment) (20) . The amplification reactions were performed in a 100-l volume containing 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1.5 mM MgCl 2 , a 200 M concentration of each deoxynucleoside triphosphate, 50 pmol of each primer, 2.5 U of Taq polymerase, and 10 l of DNA extract. The amplifications were performed with 1 cycle of 5 min at 94°C for denaturation followed by 40 cycles (20 s at 94°C, 60 s at 62°C, and 40 s at 74°C) and a final extension of 5 min at 74°C. The amplification products were visualized on 1.5% gel agarose and analyzed with a UV table after ethidium bromide staining.
FIG. 1. Representation of the pathogenicity locus of C. difficile and the location of primers used for PCRs A1, A2, and A3 and PCRs with primers NK9-NK11 and NK104-NK105 (hatched areas represent repetitive domains of both toxin genes). 
a For the toxin gene of C. difficile strain VPI 10463.
Serotyping of C. difficile strains. Serotyping was performed by enzyme-linked immunosorbent assay according to the method described by Delmée et al. (13) using the antisera A1, A5, A8, A9, A10, C, D, F, G, H, and K.
Genotyping of C. difficile strains. C. difficile strains were analyzed by PCR ribotyping and pulsed-field gel electrophoresis (PFGE) as previously described by Bidet et al. (5) .
The primer sequences for PCR ribotyping were 5Ј-GTG CGG CTG GAT CAC CTC CT-3Ј (16S primer) and 5Ј-CCC TGC ACC CTT AAT AAC TTG ACC-3Ј (23S primer) ( Table 1) . Amplification reactions were performed in a 100-l volume containing 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1.5 mM MgCl 2 , a 200 M concentration of each deoxynucleoside triphosphate, 50 pmol of each primer, 2.5 U of Taq polymerase, and 10 l of DNA extract. Amplifications were carried out in the thermal cycler for 1 cycle of 6 min at 94°C for denaturation, followed by 35 cycles (1 min at 94°C, 1 min at 57°C, and 1 min at 72°C) and a final extension of 7 min at 72°C. Amplification products were fractionated by electrophoresis through 3% Resophor agarose (Eurobio) and analyzed on UV table after ethidium bromide staining. Comparison of PCR ribotyping patterns was performed visually. Strains with patterns differing at least by one band were assigned to different types.
For PFGE analysis, strains were cultured in prereduced Schaedler broths for 17 h at 37°C and pelleted by centrifugation at 5,000 ϫ g. Bacterial cells were embedded in agarose plugs and lysed for 18 h at 37°C with lysozyme-lysostaphin and overnight at 50°C with proteinase K using a GenePath Group 1 kit (BioRad) according to the manufacturer's recommendations. Plugs were digested in a volume of 300 l by 25 U of SmaI endonuclease overnight at 25°C. Electrophoresis was performed in a contour-clamped homogeneous electric field device (CHEF DRII; Bio-Rad) using the gel kit (Bio-Rad) with program no. 14 (50 to 500 V, 19 h 7 min). Gels were then stained with ethidium bromide and analyzed on a UV table. PFGE patterns were interpreted according to the criteria proposed by Tenover et al. (36) 
RESULTS
We used the PCR primer set NK9-NK11 as a screening method to detect tcdA variant strains of C. difficile. Among the 364 strains studied (isolated from 291 adults and 43 children), 9 (2.5%) strains isolated from seven patients (2.1%) exhibited an amplified fragment different from the expected 1.2 kb obtained with toxin A-positive, toxin B-positive strain ATCC 43596 (Table 2 ; Fig. 2 ). These nine strains tested positive by the cytotoxicity assay, and the nonrepetitive domain of the tcdB gene was detected in all the strains by PCR (NK104-NK105). The entire tcdA genes of these strains were studied using PCR A1, A2, A3.
A deletion of 1.7 kb located in the repeating domain of the tcdA gene was observed by PCR A3 in six strains (strains 60, 98-24318, 98-7426, 98-16948, 98-15632, and 99-3050) isolated from five patients. Among these five patients, one presented with an endoscopically proven PMC. All these strains belonged to serotype F and were characterized by the same pulsotype and PCR ribotype. All these strains were negative for toxin A by EIA. They exhibited an atypical cytopathic effect on MRC-5 cells compared to regular strains, with clusters of cells and no spindle formation.
A deletion of 600 bp was observed by PCR A3 in the repeating domain of the tcdA gene in two nontypeable strains (strains 98-11522 and 98-15845). These strains were isolated from the same patient who presented with two episodes of pseudomembranous colitis over a period of 2 months. Despite this deletion, toxin A could be detected by EIA, but the positive signal (blue band) was weak even after repeating the test.
An insertion of approximately 200 bp in the repetitive domain of the tcdA gene was observed in one strain (strain 98-15323) belonging to serotype H (3.3 kb by PCR A3). This strain was positive for toxin A by EIA.
These two tcdA variant types exhibited different banding patterns in PFGE and PCR ribotyping that were different from the patterns of serotype F strains.
DISCUSSION
Using PCR with primers NK9-NK11 derived from the repeating sequences of the toxin A gene, we successfully discriminated nine tcdA variant strains. These strains were isolated in 2.7% of adults with C. difficile-associated diarrhea and in 2.3% of children with diarrhea. Among these nine variant strains, toxin A was not detected by EIA except for three strains (two with the 600-bp deletion and one with the 200-bp insertion). Diagnosis of C. difficile diarrhea would have been missed in five patients (1.5%) by laboratories that screen the stools only for the presence of toxin A. This prevalence is lower than that of 3% reported by Brazier et al. in Wales (9), using an immu- noenzymatic test and stool cytotoxicity assay as screening methods. The prevalence of toxin A-negative, toxin B-positive strains in Europe seems to be much lower than that found in Japan (6.7 to 12% in children and 12.5% in asymptomatic adults) but higher than the prevalence of 0.2% found during a multicenter study in the United States (20, 26) . This discrepancy may be explained by differences in the studied populations.
Most of the toxin A-negative variant strains (six of nine) belong to serogroup F and were characterized by a deletion of 1.7 kb by PCR A3. This large deleted region encodes the repeating units that contain the epitope for the monoclonal antibody used in commercial EIAs (16, 17) . All these strains (including reference strain ATCC 43598 from serotype F) exhibited the same banding pattern by PCR ribotyping and PFGE. However, these strains were isolated from patients hospitalized in different care facilities and were epidemiologically unrelated. We can hypothesize that these strains are derived from a common ancestor that spread in Paris and the surroundings. In a previous study performed in Japan and Indonesia, Kato et al. (20) found only 19 different PFGE types among the 48 toxin A-negative, toxin B-positive strains, including 44 strains from serotype F and 4 strains from serotype X. More recently, Moncrief et al. showed that a number of serotype F strains around the world were identical by PCR analysis with a series of primers designed to analyze various regions of both toxin genes (28) . All these results support the hypothesis of a low genetic diversity of serotype F strains and the possible international spread of this clone. Strains from serotype F reported in our study are very similar to those described by Kato et al. (20) and probably correspond to toxinotype VIII according to the toxinotyping scheme established by Rupnik et al. (29) . As previously reported, these strains exhibit a very atypical effect on MRC-5 cells, distinctive from the one produced by regular strains (ATCC 43596), and characterized by a rounding of the cell with no spindle formation and a trend towards a discrete cluster of cells. This atypical effect has been shown to be comparable to the effect of the lethal toxin of Clostridium sordellii (10) . It has been hypothesized that toxin B from serotype F strains could be a functional hybrid of toxin B of C. difficile and lethal toxin of C. sordellii. Although these strains were reported to be nonpathogenic in the rabbit ileal loop test and unable to alter tight junctions by using in vitro tissue culture testing, they have been recently incriminated in a nosocomial outbreak of C. difficile-associated diarrhea in Canada (1) and in two well-described cases of PMC (22, 32) . The review of clinical data of serotype F cases reported in our study suggests that these strains were truly responsible for PMC in one patient and AAD in four patients. We can hypothesize that toxin B could act as the sole pathogenic factor as has already been postulated from studies performed with strain 8864 (23) . Pathogenesis could be also explained by additional virulence factors such as the production of an actin-specific ADP ribosyltransferase (binary toxin) or hydrolytic enzymes (6, 34) . In all patients, C. difficile was the only enteropathogen found in stool culture, and diarrhea of these patients resolved after antibiotic treatment with metronidazole or vancomycin. These findings emphasize the clinical potential of these strains and underline the need of using the cytotoxicity assay to detect them. EIAs that simultaneously detect toxins A and B could be considered as an alternative to the cytotoxicity assay for laboratories lacking cell culture facilities. However, even if the sensitivities of EIAs detecting both toxins A and B has been shown to be greater than the sensitivity of EIA detecting toxin A only, their sensitivities compared to that of the cytotoxicity assay range from 79 to 89% (2, 15, 27) .
We also found two other variant types: one exhibited a deletion of 600 bp by PCR A3. This variant could be very close to toxinotype VII described by Rupnik et al. (29) . The other tcdA variant exhibited an insertion of approximately 200 bp by PCR A3. Nevertheless, all these genetic modifications did not affect detection of toxin A by EIA. All these strains are currently under investigation to better characterize their genetic background. This is the second time, to our knowledge, that an insertion has been described in the C. difficile tcdA gene. The first case was reported by Rupnik et al. in 2001 with the description of a novel toxinotype (XIV) characterized by a large insertion at the beginning of the tcdA gene (31) .
In conclusion, diagnosis of C. difficile-associated diseases would have been missed in five patients (1.5%) by laboratories that screen the stools only for the presence of toxin A. This result underlines the need for testing stool by the cytotoxicity assay in patients with a high suspicion of C. difficile-associated diarrhea but a negative immunoassay for toxin A.
